Selection of common bean lines with high grain yield and high grain
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ABSTRACT

Genetic improvement of common bean nutritional quality has advantages in marketing and can contribute to
society as a food source. The objective of this study was to evaluate the genetic variability for grain yield, calcium and
iron concentrations in grains of inbred common bean lines obtained by different breeding methods. For this, 136 F
inbred lines were obtained using the Pedigree method and, i8fiéd lines were obtained using the Single-Seed
Descent (SSD) method. The lines showed genetic variability for grain yield, and concentrations of calcium and iron
independently of the method of advancing segregating populations. The Pedigree method allows obtaining a greater
number of lines with high grain yield. Selection using the SSD method allows the identification of a larger number of
lines with high concentrations of calcium and iron in graidisak negative correlations were found between grain
yield and calcium concentration (r = -0.0994) and grain yield and iron concentration (r = -0.3926). Several lines show
genetic superiority for grain yield and concentrations of calcium and iron in grains and their selection can result in new
common bean cultivars with high nutritional quality
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RESUMO

Selecao de linhagens de feijao com alta produtividade de graos
e alta concentracéo de calcio e ferro

O melhoramento genético da qualidade nutricional do feijao representa vantagens mercadolégicas e contribui para
a sociedade em termos de fonte de alimento. O objetivo deste trabalho foi avaliar a variabilidade genética para a
produtividade de gréos e para a concentracao de calcio e de ferro em graos de linhagens de feijdo obtidas por
diferentes métodos de melhoramento. Para tanto, 136 Iinhag(marﬁ obtidas pelo método Genealdgico e 136
linhagens Foramobtidas pelo método Descendéncia de uma Unica Semente f83iDhagens de feijao apresenta-
ram variabilidade genética para produtividade de graos, concentracao de calcio e de ferro em gréos independentemente
do método de conducao da populacéo segregante. O método Genealdgico permitiu obter maior nimero de linhagens
com alta produtividade de gradsselecao usando o método SSD possibilitou a identificacdo de maior nimero de
linhagens com alta concentracao de calcio e de ferro nos graos. Correlacao negativa de baixa magnitude foi observada
entre a produtividade de gréos e as concentragfes de célcio (r = -0,0994) e de ferro (r = -0,3926). Varias linhagens
apresentam superioridade genética para a produtividade de graos e para concentragdes de calcio e de ferro nos graos
e a selecéo destas linhagens pode resultar em novas cultivares de feijdo com alta qualidade nutricional.

Palavras-chave Phaseolus vulgarik., métodos de melhoramento, variabilidade genética, correlacdo de Pearson,
qualidade nutricional.
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INTRODUCTION genetic variability for grain yield, and the concentrations
of calcium and iron in grains of the inbred common bean
fines obtained with the Pedigree and Single-Seed Descent
(SSD methods.

The hunan body requires many nutrients to keep it
metabolic needs (@lch & Graham, 2004White &
Broadley 2005). Diets with restriction of minerals result in
nutrltlonal_ def!0|enC|es. Mineral deficiency is .Oftenll\/IATERIAL AND METHODS
observed in children and adults and affect approximately
three billion people worldwide £O, 2011). The common The segregatinggpulations evaluated in this study
bean Phaseolus vulgarid.) has a high mineral were obtained by Jost al. (2009a, 2009b). For this,
concentration in grains, especially calcium and iron (Mesrosses were performed between contrasting parents for
quitaet al, 2007). grain yield and concentrations of calcium and iron. The

The calcium concentration in common bean grainseeds of the Fgenerations obtained of the different
showed genetic variability and values ranging from 0.3fopulations were used for the advanced generations in
to 2.80 g kg dry matter (DM) were observed among 2lhis study
inbred lines cultivated in Brazil (Mesqui¢a al,, 2007). The segregating populations were advanced using the
Iron concentration varies among common bean cultivaPedigree and SSD methods. For the Pedigree method, the
and values ranging from 8.9 to 112.9 mg' k&M were  experiment began in the normal rainy season of 2007-2008.
observed among 28ndean and MiddleAmerican Seeds were sown in plots of one line, two meters long,
germoplasm evaluated in the United States (Aledrad,  with a total of approximately 10 plants. When harvested,
2011). In general, the iron concentration in common bedhne plants were individually labelled in order to assess
grains of MiddleAmerican genotypes wad B% higher grain yield.After obtaining the grain yield per plant, the
than theAndean genotypes dlukderet al, 2010). grainyield per line was calculated. In the selection process,

The existence of genetic variability enables the use tife 40 most productive lines were selected (from a total of
genetic breeding to increase the mineral concentrationi86 lines) and, from these lines, three or four plants with
common bean grains. Controlled crossing and selectitime highest individual grain yield were selected, giving a
among segregated progenies resulted in concentratimal of 136 E plants. The seeds of each plant selected
increases of 33.6% in calcium (Jestal, 2009a) and of were identified and individually stored in paper bags.
94.0% iniron (Jostt al, 2009b) of common bean grains inUnfortunatelythe test for calcium and iron concentrations
early generations. Intermediate to high values for narrovs destructive hence selection cannot be performed.
sense heritability of calcium concentration in common Each E plant selected represented a seeded line of the
bean grains was found by Jost al. (2009a). The F, generation.The process was repeated in the normal
inheritance of iron concentration in common bean grainginy season of 2008-2009, adopting the same system of
has been suggested to be quantitative (Blaél, 2009, sowing and the same criteria for selection, resulting in 136
Blair et al, 2010, Cichyet al, 2009). F, progenies selected. In the dry season of 2009, the

Knowledge of the association between grain yield angrocess was repeated and E3frogenies were selected.
mineral concentration is very important for the commoin the winter of 2009, one generation of Brogenies
bean breedingiWeak positive correlation was observedvas advanced in the greenhouseggeds).
between calcium and iron concentrations (r = 0.38) in The SSD method was carried out in a greenhouse,
common bean lines (Guzman-Maldonadal, 2003). The with F, and F, generations being obtained in 2008, and F
association between grain yield and the concentratioasd F; generations in 2009. For each generation, one seed
of calcium and iron in the common bean grains has natas harvested per plant to be seeded for the next
yet been investigated. generationA total of 200 E plants were advanced, with

For the development of common bean cultivars witthe aim of getting 136 flants A larger number of plants
higher grain yield and higher nutritional quality to bevere used in the beginning in order to compensate for
effective, it is necessary to establish strategies fany potential losses due to lack of germination or death
advancing segregating populations. Pedigree and Singbeused by diseases or insect attack, which may arise from
Seed Descent (SSD) methods have been used in the progression of the generations. In the summer of 2009,
genetic breeding of common bean. These methods wehe seeds of each plant were harvested individually at
effective in the selection of a greater number of lines witimaturity and 136, progenies were obtained.
high grain yield, early cycle, anthracnose resistance and The 272 Einbred lines (136 from Pedigree and 136
better grain type (Costt al, 2002, Torgaet al, 2010). from SSD methods) and 17 control cultivars were evaluated
However the application of these methods in the selectian the normal rainy season of 2009-2010, usinga 17 x 17
for high mineral concentration in common bean grains &mple lattice model. The control cultivars were the six
unknown. Thus, this study was designed to evaluate tparent cultivars (Pérola, TPBonito, BRS Expedito,
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Minuano, Diamante Negro and IAR 44) and 1 cultivars components and heritability were obtained considering
registered for the cultivation in the south of Brazil (TP$andom all the sources of variation. Considering that the
Nobre, BRS Campeiro, FEBRO 26, Carioca, Macotago, inbred lines evaluated had a high level of endogahngy
Irai, Macanudo, Guapo Brilhante, Rio Tibagi, BRS Supregenetic variation among the lines was additive, thus, the
mo and BRS/alente). Plots consisted of two rows 1 mestimated heritability was equivalent to the narrow-sense
long, spaced 0.50 m apart, with 15 seeds per meter  heritability.

The experiment was conducted in the experimental area The averages of the 5, 10 and 20 superior lines, under
of the Bean Breeding Program of the Plant Sciend®th the Pedigree and SSD methods, were based on
Department, Federal University of Santa Maria. San&bsolute values, with a ranking of the lines by method
Maria lies in the central depression region of the Rio Grabeing initially carried out for each characteristic, with the
de do Sul State, Brazil (lat 29°42'S, long 53°49'W and 95 mean of the best 5, 10 and 20 lines, classified as to
asl). The climate type is temperate, rainyith well- characteristic, then being obtained. The Student t-test
distributed rainfall throughout the year and subtropicalas run at 5% probability in order to compare the
temperatures’he soil is typical aliti@rgisol (Hapludalf) difference between the averages obtained for the different
with the following chemical composition: pH () =5.5; methods for each selection groilip.identify the number
organic matter = 20 g Kg phosphorus = 6.8 mg din of lines which were superior to each control, the number
potassium = 68 mg dfpcalcium = 5.5 cmeldm?®; and  of lines that presented a mean absolute value superior to
magnesium = 2.7 cmam?®, each of the controls was considered for each evaluated

The soil was prepared in the conventional system agtiaracteristic.
fertilization was performed based on the chemical soil Linear correlation analyses between the grain yield
analysis. Cultural practices and insect and weed contiahd the concentrations of calcium and iron in each method
to rule out competition were carried out whenevewere carried out using the Pearson method, based on 272
necessaryDisease control was not performed. observations for each method, and in overall (578

The plants were harvested and threshed by hand whasservations). The significance of the linear correlation
mature. Agricultural machinery and equipment were natoeficient was verified using t8dent t-testAnalyses
used in the harvesting and processing of grains to avaigtre performed using Microsoft Office Excel spreadsheets
the contamination of samples with heavy metals. Thend Genes software (Cruz, 2006).

grains were dried in a drying and sterilization oven with
forced air circulation (65-70 °C) until they reached alRESULTS AND DISCUSSION

average moisture content of 13%. Then, the grain yield The variance argsis showed significant effect of the
(kg ha') was determined. inbred lines for each method of advancing segregating
A homogeneous sample of 50 g of grains per repetitigfhpulations in relation to grain yield and calcium and
was obtained for each line. For determination of minerglon concentrations, indicating different responses of the
concentrations, samples of 10 g grains from each line wefmmon bean lines obtained under each method. The
randomly collected from each repetition. Samples wegistence of genetic variability for the three traits,
ground in an analytical knife micromill to produce particlesegardless of the method, enabled success in the selection
smaller than 1 mm. of superior lines by both the Pedigree and SSD methods.
The samples of the raw bean flour from each line were The variance in grain yield among the lines was
digested in 5 mL of a nitric-perchloric solution (H)N® significant for each method for advancing segregating
HCIO, at a 3:1 ratio by volumepfter 12 hours of cold populations (@ble 1). In the Pedigree method, the mean
digestion (no heat applied), the temperature was graduaglyain yield of the lines was superior (1,343 kd)hthan
elevated 30 °C every 30 minutes until it reached 188CC. that obtained under the SSD method (1,013 Kg fiable
the end of the digestion, when approximately 1 mL of thg). In addition, lines with higher grain yield were found
transparent solution remained, the sample was diluted lyore often under the Pedigree method (Figure 1). Costa
adding distilled water to a total volume of 50 mL et al. (2002) evaluated Aines obtained from different
Approximately 20 mL of this dilution was removed anctrosses and found that the Pedigree method made it
the determination of calcium and iron concentrations ipossible to select a higher number of lines with high grain
grains was performed in an atomic absorptiogield. Therefore, the selection that started in the F
spectrophotometer using wavelengths of 422.7 nm ageneration and was carried out in every generation was
248.3 nm, respectively effective in selecting plants that were better adapted to
Data were subjected to variance analysis consideritige growing conditions. The ability to carry out selection
the simple lattice design to verify the existence aih different environments and during the growing season
variability among inbred lines. The values of variance an advantage of this method.
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The lines obtained under the SSD method showed2800). In this case, higher genetic variability compensates
large genetic diversity for grain yield with values rangindor the low experimental precision during the selection of
from 50 to 3,368 kg hahowever lines with lower grain superior lines. In present study the lines showed genetic
yield were found more often in this method (Figure 1)variability for grain yield, despite the high variation
Raposcet al.(2000) also observed more variation in graircoefficients.
yield among lines with high levels of endogamy obtained The variance in calcium and iron concentrations in
under the SSD method. This may occur because select@mmmon bean grains was significant among the lines tested
in the greenhouse is not carried out in the SSD methagsing both methods @ble 1). Calcium and iron
so the higher genetic variability obtained in the Fconcentrations also had greater variation in the lines
generation is preserved in segregating generations if lingistained under the SSD method, with values ranging from
are not lost because of germination problems. 0.50to 2.76 g k§of dry matter (DM) and from 51 to 135

Heritability estimates for grain yield was 70.17%mg kg! DM, respectively (@ble 1).These values were
(Pedigree method) and 72.79% (SSD methtable 1), very similar to the calcium and iron concentrations
indicating that grain yield presented a low non-controllablebserved in 21 common bean lines grown in Brazil (Mes-
influence, therefore being favorable for selectiborga  quitaet al, 2007).
et al.(2010) observed heritability estimates from 27% to The higher mean calcium concentrations (1.41Y kg
79.70% for grain yield when 10Q Fcommon bean lines DM) and the higher number of lines with superior calcium
were evaluated. The authors explained the high amplitoencentration (> 1.70 g KPM) were observed when the
de of variation by the occurrence of interactions betwedimes were obtained under the SSD methab(@ 1, Figu-
lines and environments. re 1). In the SSD method, the genetic varianég<0.05)

The environmental variation cdigfients (C\e) and was expressively greater than the environmental variance
genetic variation coefficients (CVg) for grain yield werg(a?. = 0.02). Thus, a high heritability estimate was
high for segregating populations obtained under the twabserved for calcium concentratiodr(h 66.85%). In early
methods (@ble 1) Although low experimental precision generations, Jogt al. (2009a) found that the calcium
was obtained for grain yield, the higher number ofoncentration in common bean grains were more
evaluated lines allowed for better exploration of the geneiiiefluenced by additive genetic effects, and obtained
variability produced by the crosses. Similar variatiomarrow-sense heritability values of intermediate (47%) and
coefficient values were observed for segregatinbigh (63.61%) magnitudes. When the additive variance is
populations of common bean evaluated in experimentssponsible for most of the genetic variance, the character
conducted with a 14 x 14 simple lattice design (Agatar can be fixed; in this case, more facility in carrying out
al., 2000) and a 10 x 10 triple lattice desigorflaet al, selection is expected.

2010). Preliminary evaluations of a large number of lines, Transgressive segregation was observed for calcium
normally use smaller plots, it is interesting that higherconcentration in Hines common bean grains. Similarly
intensity selection is generally applied because itansgressive segregation for calcium concentration was
contributes to increasing the genetic gain (Agetaal, obtained to F, families developed from a cross between

Table 1.Estimated mean squares of inbred lines (M$nean values, ranges of minimum and maximum values, phenotypic
variancesd?.), environmental variances®), genetic variancesf_), narrow-sense heritabilities’th%), environmental variation
coeficients (C\&), genetic variation coiédients (CVg) and CVg/C¥'ratios obtained for grain yield and concentrations of calcium
and iron in common bean grains from lines obtained using Pedigree and Single-Seed Descent methods (SSD)

Genetic parameters Grain yield (kg ha?) Calcium (g kg* of DM) Iron (mg kg of DM)
Pedigree SSD Pedigree SSD Pedigree SSD
MS, 649775.67* 546136.78* 0.08* 0.15* 233.97* 288.32*
Mean 1,343 1,013 1.37 141 79.57 85.95
Minimum 55 50 0.70 0.50 50 51
Maximum 3,170 3,368 2.20 2.76 129 135
Phenotypic variancest,) 324887.83 273068.39 0.04 0.07 116.99 144.16
Environmental variancest,) 96895.29 74310.33 0.01 0.02 64.27 85.63
Genetic varianceot,) 227992.54 198758.05 0.02 0.05 52.71 58.52
Narrow-sense heritability ) 70.17 72.79 64.78 66.85 45.06 40.60
CVe (%) 32.77 38.03 12.02 16.02 14.25 15.22
CVg (%) 35.55 43.98 11.53 16.09 9.12 8.90
CVg/ C\e 1.08 1.15 0.96 1.00 0.64 0.58

* Significant at 0.05 probability by the F-test.
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cultivated and wild common bean (Guzman-Maldonad@-igure 1).Values similar to those of iron in grains of
et al, 2003) According to these authors, the existence afultivated common bean lines were described previously
transgressive variation, such as that observed for calcidoy Jostet al. (2009b) and by Mesquitet al. (2007).
concentration, should encourage plant breeders as it The environmental variance was more expressive than
indicates that gene combination exists, which can restitte genetic variance for iron concentration in both
in enhanced performance of the characteristic in theethods of advancing segregating populatioabi@1).
absence of overdominand®. capitalize on transgressive Thus, intermediate heritability estimates were obtained
segregation, individual lines at the extreme of the norm&dr iron concentration in the lines obtained under the
distribution must be chosen for further advance dPedigree (h=45.06%) and SSD i+ 40.60%) methods.
generation and testing. Similarly, in early generations, Jost al. (2009b) also

The higher mean iron concentration was also observddtected a narrow-sense heritability of intermediate mag-
for the lines obtained under the SSD method (85.95 mg kgitude (50.60%) for iron concentration in common bean
DM - Table 1) The SSD method identified a¢grnumber grains.

of lines with iron concentration superior to 94 mg kM Iron concentration had continuous distribution in F
lines and transgressive segregation was observed for both
40 7 low and high values (Figure 1). Previous studies also
35 7 T showed that the iron concentration of common bean grains
30 7 (T 7 had continuous distribution among_ Hines (Guzman-
& 25 1 S gdi Maldonadcet al, 2003), E . lines (Blairet al, 2009), E,
"g; 20 - lines (Cichyet al, 2009) and among,Hines (Blairet al,
£ 15 - 2010). These results confirm the hypothesis that
10 inheritance of iron concentration in common bean grains
5 ’_H is quantitative (Blairet al, 2009). Thus, the genetic
= Il selection for iron concentration can be difficult, because

148 481 8138“46_1479 1811 2144 2476 2809 the effect of individual loci influencing this trait is difficult
eed yield (kg ha') to isolate and characterize.

70 A method for selection of segregating populations will
60 - be more efficient if the magnitude of genetic gain for the
50 - [ same selection differential is higher (Rapesal, 2000).
- 0 sSD Therefore, in addition to the lines’ mean performances,
c 40 - mpeg the probability of higher gain should be considered when
% 30 - choosing the method of selection. Thus, from the lines
r 20 - evaluated we obtained the means of the 5, 10 and 20 supe-
rior ones (&ble 2). The grain yield mean of the 5, 10 and
107 m m m 20 superior lines were higher under the Pedigree method.
= L1 . . . . . [ ~——  However for calcium and iron concentrations, there was
0.79 097 1,18 1éiTciJr;15(2 k171;) 189 207 2,25 no significant difference for the lines obtained under the
9%9 Pedigree and SSD methods. Simila@psteet al.(2002)
60 7 detected that the selection methods of segregating
50 - - populations differed in the identification of lines with high
grain yield.
.. 4017 - 01ssD The number of lines where the mean performance
§ 30 4 OPed €xceeds, in absolute values, the mean of a cultivar
q% previously selected as control (standard), can also be used
i 20 - to compare the efficiency of different methods of
10 - advancing segregating populations. The Pedigree method
o m | | | l_l‘\ . was efficient for the selection of a higher number of lines

with high grain yield because 29 lines exceeded the best
control for grain yield (Minuano, 1,81kg ha' - Table 3).

) o o The SSD method had greater efficiency in obtaining lines
Figure 1. Frequency distributions of grain yield (kg2 -\, pisher concentrations of calcium and iron. It was
calcium concentration (g Kgof dry matter) and iron

concentration (mgg* of dry matter) observed in lines obtainedtherefore p_ossible to obtain only three lines with Calc_ium
using Pedigree (Ped) and Single-Seed Descent (SSD) methodsoncentration greater than the best control for calcium,

55 64 74 84 94 104 114 124 134
Iron (mg kg'1)
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the cultivar BRS Expedito (2.05 gkgf DM). BRS Expedi- produce lines with low productive potential. Therefore, in
to was considered a control cultivar because of the higlarly generations, the selection of the most productive
calcium concentration in grains found in this study angrogenies can be prioritfhe determination of mineral
also by Joset al. (2009a). Thirteen lines showed higherconcentration is costly and is a very destructive selection
iron concentration than the cultivar TPS Bonito. TPS Bdechnique. Therefore, the selection in advanced
nito was used as control for iron because of its high iraenerations for higher concentrations of calcium and iron
concentration in grains (102 g-kgM). in grains seems to be the best strategy to use for the
An estimated low-magnitude negative correlation wasommon bean-breeding program.
found between grain yield and calcium concentration (r =
-0.1025 using Pedigree and r = -0.0799 using SSD) afgy|e 4. pearson linear correlation céiefents between grain
iron concentration (r = -0.3275 using Pedigree and r Syield and concentrations of calcium and iron in common bean

0.3959 using SSDFable 4). Furthermore, the calcium andseeds, considering the inbred lines obtained by the methods of
iron concentrations had a low positive correlation (r Pedigree and Single Seed Descent (SSD), and overall correlations

0.1134 using Pedigree and r = 0.1313 using SSD). Thus, Pedigree SSD Overall

the selection of common bean lines with high grain yield (n=272) (n=272) (n =578)
and high concentrations of calcium and iron in grains Witbrain yield vs. calcium -0.1025*  -0.0799  -0.0994*
be very difficult. Therefore, if the breeding programGrain yield vs. iron -0.3275*  -0.3959* -0.3926*
prioritizes the selection of lines with higher mineralCalcium vs. iron 0.1134*  0.1313* 0.1228*

concentration (calcium and iron) in grains, it can eventuallySignificant at 0.05 probability by thet®lents t-test.

Table 2.Grain yield and concentrations of calcium and iron of the 5, 10, and 20 superior lines in each method of advancing segregating
populations

Grain yield (kg hd) Calcium (g kg of DM) Iron (mg kg' of DM)
Lines
I Pedigree SSD Pedigree SSD Pedigree SSD
Superior 5 2,553.40* 2,369.80 1.89+ 2.13 108.50™ 117.50
10 2,438.10* 2,137.70 1.82m 2.02 103.15™ 111.25
20 2,297.58* 1,905.30 1.74 1.90 98.10m™ 106.25

* Significant at 0.05 probability by the t-test; ns = no-significant.

Table 3 Mean of each control, number of lines obtained using Pedigree and Single-Seed Descent (SSD) methods that were superior
the each control in absolute value, and general averages of the controls for grain yield and concentrations of calcium and iron in
common bean grains

Grain yield (kg ha?) Calcium (g kg* of DM) Iron (mg kg™ of DM)
Control Control Pedigree SSD  Control Pedigree SSD  Control Pedigree SSD
Minuano (P)* 1,811.00 29 8 1.34 66 77 81.00 60 88
BRS Supremo (P) 1,341.00 65 36 1.16 123 116 96.50 10 25
Macotaco (P) 1,254.50 73 43 1.46 38 52 58.50 136 136
TPS Nobre (P) 1,207.00 80 46 1.76 7 16 79,00 69 98
BRSValente (P) 1,115.50 85 52 1.65 17 24 91.50 18 41
Macanudo (P) 1,035.00 90 55 1.99 1 3 79.50 69 95
Pérola (C) 1,035.00 90 55 1.67 15 21 76.00 85 107
Guapo Brilhante (P) 1,016.50 91 58 1.25 101 101 81.00 60 88
IAPAR 44 (P) 94550 100 69 1.77 7 16 86.00 34 65
BRS Expedito (P) 902.50 104 76 2.05 1 3 85.00 39 67
Irai (CR) 884.50 106 78 1.00 135 130 80.50 63 88
Diamante Negro (P) 822.00 112 82 1.60 20 29 84.00 45 70
BRS Campeiro (P) 547.00 127 108 1.45 40 52 89.00 21 50
Carioca (C) 540.00 127 108 1.47 35 49 73.00 98 120
FERAGRO 26 (P) 520.50 128 110 1.36 60 71 87.00 28 59
Rio Tibagi (P) 493.00 130 114 1.48 33 49 97.50 8 24
TPS Bonito (C) 55.00 136 136 1.38 57 69 102.00 5 13
Mean 913.26 103 76 1.52 24 39 83.94 45 70

* P: black commercial group; C: carioca- type seeds; CR: cranberry-type seeds.
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Several lines with higher grain yield and higheBlair MW, Medina JL Astudillo C, Rengifo J, Beebe SE, Machado
concentrations of calcium and iron than the control & & Graham R (2010) QTL for iron and zinc concentration and

. . . content in a Mesoamerican common beBhgseolus vulgaris
cultivars were obtained, independent of the method| ) population. Theoretical andApplied Genetic, 121:1059-
used for advancing segregating population. Many lines1070.
showed genetic superiority and their selection can resalésta JGC, Rava CA & Zimmermann FI®{2) Comparagdo da
in new common bean cultivars with high agronomic eficiéncia de métodos de selegcdo em geragles segregantes de

erformance and hiagh nutritional alitfhe feijoeiro-comum considerando a resisténcia a antracnose e o
p ilabili ¢ '9 b utri II ) qu_ |’jl i h rendimento. Ciéncia Agrotecnologia, 26:244-251
avallability of common bean cultivars wit igher _. . .

. y . . 9 Cichy KA, Caldas GYSnapp SS & Blair MW2009) QTLAnalysis
calcium and iron concentrations than those of the o seed iron, zinc and phosphorus levels inAamiean bean
commercial cultivars has marketing advantages for population. Crop Science, 49:1742-1750.
farmers and can contribute to decrease chronic heatthiz cb (2006) Programa Geneécosa, Universidade Federal de
problems and mineral deficiencies, since the commonVigosa. 382p.
bean is grown in almost every tropical and subtropic&RO - Food andAgriculture Oganization of the United Nations

country and. in many regions itis possible to do three(2011) Undernourishment around the world: counting the
’ ’ hungry: latest estimates. Disponivel em: <ftp://ftp.fao.org/

harvests a year docrep/fao/005/y7352e/y7352e01.pdf&kcessado em: 29 de
abril de 2012.
CONCLUSIONS Guzman-Maldonado SH, Martinez 8costa-Gallegos JA, Guevara-

] ] ) Lara F & Paredes-Lépez O (2003) Putative quantitative trait
The common bean lines used in this study presentioci for physical and chemical components of common bean.
genetic variability for grain yield and concentrations of Crop Science, 43:1029-1035.
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